Introduction {#Sec1}
============

The recommendations of the Brazilian Dietary Guidelines, published in 2014, are based on the degree of processing of food items^[@CR1]^, and is grounded in the work developed by Monteiro and colleagues^[@CR2]^, which shows a greater quality of diets with a reduced proportion of ultra-processed foods (UPFs)^[@CR2],\ [@CR3]^.

UPFs are defined as formulations modified by industrial procedures using parts or substances extracted from food sources maintaining little or no characteristics of the whole food^[@CR2]^. During the process, they receive artificial or chemical additives and most of them are energy-dense, composed of low nutrient diversity, but are highly palatable and convenient (ready-to-eat/drink or ready-to-heat), and are heavily advertised^[@CR2],\ [@CR4]^. The classification of foods as processed and ultra-processed is recent, and no longitudinal study has previously analyzed the association between the consumption of UPF with weight gain in adolescents. However, cross-sectional studies have described a detrimental association between UPF and dietary quality^[@CR2],\ [@CR5]--[@CR7]^, and also with excessive weight^[@CR2],\ [@CR5],\ [@CR6],\ [@CR8]--[@CR11]^.

We have identified only one longitudinal study related to the impact of UPF intake with an increase in serum lipids in Brazilian children, which demonstrated that UPF consumption at 3--4 years of age is a predictor of higher increases in lipoprotein levels profiles at 7--8 years of age^[@CR12]^.

Adolescence is a period of high nutrient and energy demand and, for this reason, is a nutritionally critical period of life, when lifestyle and dietary habits are changing, making adolescents vulnerable to the consumption of energy-rich and nutrient-poor foods^[@CR13],\ [@CR14]^. In Brazil, in the last decade, children and adolescents are the groups with the highest increase in the prevalence of overweight and obese individuals^[@CR15]^. The hypothesis that the high consumption of UPFs influences weight gain seems plausible, since, in Brazil, the increase in obesity rates has been accompanied by the increased consumption of such foods, as demonstrated in the household budget surveys carried out in the last decade^[@CR16]^. Thus, the present study aimed to evaluate the association between UPF consumption and adiposity indicator trajectories throughout adolescence.

Methods {#Sec2}
=======

Data were collected from the Adolescent Nutritional Assessment Longitudinal Study (ELANA) cohort, which included adolescents from four private and two public schools located in the metropolitan area of Rio de Janeiro, Brazil, selected based on convenience. All students from the 1st year of high school in 2010 were enrolled and followed up in 2011 and 2012, except pregnant adolescents or adolescents with physical disabilities. The detailed description of the methods of the ELANA study, as well as the sample size calculations and the results of the associations between body mass index (BMI) trajectory and excessive weight gain with demographic and socio-economic factors, were published by Moreira et al^[@CR9]^.

Data collection {#Sec3}
---------------

At baseline, students answered a self-administered questionnaire containing questions regarding lifestyle and dietary behavioral characteristics, and at baseline and at two follow-ups, they had their weights and heights measured. Body composition was measured at baseline and at the first follow-up.

Data on food intake were obtained using a qualitative reduced version of the food frequency questionnaire (FFQ) validated for adolescents of Rio de Janeiro with photograph support by Brito et al^[@CR17]^. The reduced version of the FFQ used in the ELANA contained 72 food items, with eight consumption frequency options, ranging from "less than once per month or never" to "four or more times a day". Some items were excluded (based on the frequency of consumption and contribution to the total energy consumption) and others were grouped (e.g., alcohol beverages were combined). The reduced FFQ was also validated against three-day food records and correlation coefficients for nutrients, including calcium, ranged between 0.50 and 0.70, which are considered a good estimation for nutrients.

Anthropometric measures were performed by trained field worker employees (four in each phase of the ELANA) of the Center for Physical Evaluation and Training (CAFT [www.caft.com.br](http://www.caft.com.br)). The anthropometric data were collected according to Lohman protocols^[@CR18]^ and the field workers were standardized according to Habicht techniques^[@CR19]^ at baseline and according to Norton and Olds^[@CR20]^ at the three follow-ups. Trained field workers collected anthropometric measures from adolescents who were barefoot and wearing light clothes^[@CR18]^. Weight was measured using an electronic portable scale with capacity up to 150 kg and variations of 50 g. Height was measured in duplicate using a portable anthropometer with a length up to 200 cm and variations of 0.1 cm. Body composition was measured at baseline and at the second follow-up using a four-pole bioelectrical impedance device (RJL System® 101Q model), validated for children and adolescents^[@CR21]^. Fat-free mass was estimated using the equation validated by Houtkooper et al^[@CR22]^. including the resistance values; weight, height, and body fat were estimated based on the difference between total body mass and fat-free mass.

Physical activity was estimated using the Brazilian version^[@CR23]^ of the short version of the International Physical Activity Questionnaire (IPAQ), which contains questions regarding the frequency and duration of walking, and moderate and vigorous physical activity during the previous week. The classification of the levels of intensity (moderate or vigorous physical activity) was calculated based on the "Guidelines for Data Processing and Analysis of the International Physical Activity Questionnaire (IPAQ)--Short and Long Forms."^[@CR24]^

Data analysis {#Sec4}
-------------

For analysis, the eight frequency options of food intake were transformed into daily frequency. For energy and nutrient intake estimation, frequencies were multiplied by the portion reported in the original FFQ^[@CR25]^ and the food composition table of Brazilian foods and dishes^[@CR26]^ was used.

Foods were classified according to the nature and level of processing^[@CR4]^. The UPF consumption was estimated by summing up the following items: instant pasta, sweet pastries, cookies, cheese rolls, hot dogs, fried filled rolls, oven-baked filled rolls, pizza, French fries, hamburgers, nuggets, ham, sausages, candies, chocolates, chocolate milk beverages, condensed milk, peanut candies, ice cream, jelly, chips, marmalade, sodas, "guaraná" refreshments, and other sugar-sweetened beverages.

Markers of diet quality (fiber, fruits and vegetables, and total sugar intake) were compared by quartiles of UPF intake, as well as total energy intake.

For the assessment of BMI and body fat percentage (%BF) trajectory, mixed linear regression models were used. These models accounted for the correlations among measures and follow-up losses^[@CR27]^. Models used the Proc Mixed procedure in the Statistical Analysis System, version 9.4 (SAS Institute Inc, Cary, NC). The time variable in the model was age in months, accounting for the expected BMI variation due to the growth. BMI and %BF trajectories by quartiles of UPF intake were tested by *p*-values \< 0.05 of the interaction of UPF \* time. Models were adjusted for type of school (public or private), sex, physical activity levels, and underreporting. To account for underreporting, a dummy variable for energy intake below the 10th percentile was included in the analysis.

Code availability {#Sec5}
-----------------

SAS code is available by the authors upon request.

Results {#Sec6}
=======

Of the 1039 adolescents evaluated at baseline, four did not answer the FFQ. Therefore, the analysis at baseline included 1035 adolescents: 509 from public schools and 526 from private schools (Table [1](#Tab1){ref-type="table"}). The mean age of the participants was 16 years (standard deviation (SD) = 0.9) and 46% were boys (Table [2](#Tab2){ref-type="table"}). Table [2](#Tab2){ref-type="table"} also shows the participants at each follow-up and their characteristics.Table 1Mean and standard deviation (SD) of daily frequency of intake (times/day) of foods included in the ultra-processed food group according to school type and sexSchools\' typePublic (*n* = 509)Private (*n* = 526)Food itemsBoys (*n* = 225)Girls (*n* = 284)*p* value\*Boys *n* = 255Girls (*n* = 271)*p* value\*MeanSDMeanSDMeanSDMeanSDInstant pasta0.380.730.310.560.1800.170.300.220.470.288Sweet pastry0.480.880.420.810.1840.180.430.150.330.723Cookies0.911.051.011.180.2850.690.940.680.950.985Cheese rolls0.160.460.190.550.1920.120.260.140.400.573Hot dog0.240.650.210.530.7330.120.180.110.250.025Fried filled rolls0.380.670.370.720.3090.250.340.200.390.018Oven filled rolls0.390.630.420.700.7060.330.470.290.430.167Pizza0.250.550.220.550.9900.180.370.150.230.608French fries0.490.880.590.950.1720.350.600.310.570.058Hamburger0.340.730.300.690.1360.200.330.120.17\<0.001Nuggets0.260.590.280.680.8370.250.560.210.430.630Ham0.691.010.650.930.9190.500.710.380.560.005Sausages0.310.580.370.680.4180.180.290.180.320.394Fruit drinks1.261.331.431.430.1500.851.081.061.240.240Packed fruit juices0.781.110.971.320.4020.560.910.590.920.658Soda type "guaraná''0.901.211.001.260.1460.670.930.570.920.015Sodas1.291.391.131.320.1120.981.170.841.190.003Candies1.011.261.601.51\<0.0010.931.281.291.450.002Chocolate0.450.850.751.13\<0.0010.470.740.540.830.537Chocolate milk beverages0.941.091.071.180.2130.971.010.740.890.002Condensed milk0.220.490.330.700.0010.190.320.200.430.969Peanut candy0.260.640.300.770.4470.150.390.100.38\<0.001Ice cream0.350.690.360.780.5110.220.360.240.440.604Jelly0.180.370.300.710.2700.130.320.140.380.944Chips0.390.690.520.810.0020.300.490.290.500.449Marmalade ("doce de fruta")0.260.690.170.570.0220.120.340.080.260.064Ultra-processed foods (items/day)13.0211.2514.6612.360.0759.806.829.437.010.419\* Comparison preformed with Wilcoxon rank scores testTable 2Agec, anthropometry, and prevalence of overweight and obesity of student´s participant in each follow-up wave1st year2nd year3rd year(*n* = 1035)(*n* = 787)(*n* = 585)MeanSDrangeMeanSDrangeMeanSDrangeAge (year)15.70.913.519.516.60.814.419.817.60.815.320.9Weight (kg)61.213.730.5126.963.414.032.3137.265.415.235.7130.6Height (m)1.70.11.42.01.70.11.42.01.70.11.42.0BMI (kg/m2)22.04.114.540.022.64.214.840.523.14.215.441.3Prevalence overweight (%)18.620.319.8Prevalence obesity (%)8.98.28.3

The 25 UPFs analyzed in this study and respective daily frequencies of consumption according to sex and school type are shown in Table [1](#Tab1){ref-type="table"}. Adolescents in the public schools reported greater daily frequency of UPF consumption at baseline (mean ± SD of items consumed by adolescents in public school = 14.5 ± 12.5; in private schools = 9.94 ± 7.2, *p* \< 0.001). There were differences in the frequency of intake of specific UPFs between boys and girls in public and private schools. Hot dogs, fried rolls, ham, hamburgers, and sweet peanuts were eaten more frequently by boys than by girls. Sugar-sweetened beverages (guaraná), chocolate milk beverages, and soft drinks were also consumed more frequently by boys than by girls in private schools. On the other hand, boys from public schools ate marmalade more frequently than girls did and girls from public schools consumed condensed milk, chocolate, and chips more frequently than boys did. Candies were more frequently consumed by girls than by boys in both schools (Table [1](#Tab1){ref-type="table"}).

During the 3-year follow-up, weight and BMI increased. There were losses during follow-up and the adolescents in the final follow-up presented prevalence rates of being overweight of 19.8% and obese of 8.3% (Table [2](#Tab2){ref-type="table"}).

Energy, total fiber density, and sugar density increased from the 1st to the 3rd quartile of UPF intake and decreased in the 4th quartile with a positive significant trend. Density intake decreased for raw and cooked vegetables and fruits, supporting a decrease in the quality of diet with increasing intake of UPFs. Additionally, more teenagers were classified as moderately or vigorously active in the 4th quartile compared with the 1st. Trends by quartiles were all significant, except for the 2nd follow-up BMI. Compared to their counterparts in the 1st quartile, adolescents in the 4th quartile of UPF consumption had a lower daily intake of fruits (257 vs. 339.7 g/kcal), cooked vegetables (20.9 vs. 30.1 g/kcal), and raw vegetables (31.2 vs. 41.5 g/kcal), and a higher intake of total sugar (319.6 vs. 234.2 g/kcal), higher levels of physical activity at baseline, and lower BMI at all follow-ups (Table [3](#Tab3){ref-type="table"}).Table 3Total energy, density of total fiber and select food groups, body mass index (BMI), and body fat (% BF) according to quartiles of ultra-processed foods (UPF) consumed by adolescents1st quartile of UPF2nd quartile of UPF3rd quartile of UPF4th quartile of UPF*P* value\*Energy and foods itemsMeanSDMeanSDMeanSDMeanSDTotal Energy (kcal/day)37612943435135964969406837012109\<0.001Total Fiber (g/Kcal)32.526.738.632.741.634.030.619.5\<0.001Total Sugar (g/Kcal)234.2194.7295.4235.0355.9269.8319.6181.3\<0.001Fruits (g/Kcal)339.7526.4412.4658.9383.7613.6257.0420.5\<0.001Cooked vegetables (g/Kcal)30.165.434.566.532.173.220.945.3\<0.001Raw vegetables (g/Kcal)41.564.154.886.342.874.131.246.2\<0.001BMI (kg/m^2^)  Baseline23.14.622.24.321.73.821.33.5\<0.001  1st follow-up23.54.622.84.222.44.121.83.6\<0.001  2nd follow-up24.04.323.04.523.04.322.43.70.40Body fat (%) Baseline25.110.123.89.923.78.021.98.60.088 2nd follow-up25.98.823.38.223.58.322.17.9\<0.001 Physical activity(%)(%)(%)(%)Active by WHO classification at baseline17.023.723.025.8\<0.001\* *P* value for trend

At baseline, boys with normal weight presented a daily frequency intake of UPFs (mean ± SD) and daily energy intake of 12.5 ± 10.3 g and 4321 kcal, respectively, compared to 9.7 ± 7.7 g and 3350 kcal, respectively, for those who were overweight or obese. Among girls, these values were 13.1 ± 11.0 g and 4345 kcal, respectively, for those with normal weight and 10.9 ± 10.7 g and 3853 kcal, respectively, for those who were overweight or obese (data not shown). Since the associations are quite similar by sex, the final analysis combined both sexes.

At baseline, there was a clear inverse association between BMI and intake of UPFs, and values of predicted BMI during the follow-up period showed no interaction (*p* = 0.07) between age and quartiles of UPF consumption (Fig. [1](#Fig1){ref-type="fig"}) with a slightly higher increase in BMI among the students in the 1st quartile of UPF intake. Values for %BF followed the same trend.Fig. 1Predicted BMI values during follow-up for Brazilian adolescents students according to quartiles of ultra-processed food frequency intake.Rio de Janeiro, Brazil 2010−2012

Underreporting of intake (coefficient = −0.94, *p* = 0.04) and physical activity (coefficient = −1.0, *p* \< 0.001) were statistically associated with BMI at baseline and at follow-up. Analysis including these variables, and further adjustment for total energy intake materially changed the results. The same occurred for the exclusion of those who were obese at baseline (data not shown).

Discussion {#Sec7}
==========

Adolescents in the 4th quartile of UPF consumption at baseline had lower BMI and %BF and an increasing rate over three years of follow-up than adolescents classified in the 1st quartile. Thus, the study did not support the hypothesis that high intake of UPFs is associated with greater weight gain in adolescents.

Many possibilities were explored that could explain these unexpected findings. Firstly, obese children at baseline were excluded from analysis since they could be avoiding energy-dense foods to reduce weight, but this was not the case. The inclusion of underreporting, a characteristic more frequent among overweight and obese individuals, also did not change the results. Moreover, the use of an FFQ made UPF identification difficult, since it is based on a fixed list of foods and food groups, many of which should be classified as ultra-processed or unprocessed foods, depending on the method of cooking (e.g., lasagna, hamburger).

In agreement with the results of other studies^[@CR5],\ [@CR28]^, UPF intake was associated with an unhealthy dietary profile since the consumption of vegetables, fruits, and fiber decreased with an increase of UPF intake, while total sugar intake increased. However, energy intake increased from the 1st to the 3rd quartile and showed an important reduction in the 4th quartile. These data may suggest that those adolescents with the highest UPF consumption more frequently exhibited normal weight and also exercised more than those in the other quartiles.

Our results are in line with those of cross-sectional studies that have shown an inverse association between energy intake and BMI both in adults^[@CR29]^ and children^[@CR30]^. In both studies, controlling for underreporting changed the direction of the association. We attempted to adjust for underreporting by including a variable marker for those below the 10th percentile of energy intake. This is suboptimal because underreporting should be defined as a relationship between energy intake and energy expenditure, but FFQ does not allow for this comparison. Adjusting for energy intake also did not change our results.

UPF intake is a marker for an unhealthy diet; however, experimental studies aimed at displacing high-energy foods by increasing the consumption of vegetables and fruits were not successful ^[@CR31]^ and systematic reviews have not confirmed an increase in the intake of fruits as an adequate intervention for the prevention of obesity^[@CR32]^. These findings suggest that obesity is much more a problem of quantity than of quality of food consumption.

Specifically among adolescents, a meta-analysis involving fruits and vegetables delivered at home did not change weight gain in experimental studies^[@CR32]^. Although eating different foods can have a greater or lower contribution in total energy intake, every intake contributes to energy. Thus, data from a nationwide Brazilian survey comparing days with and without consumption of specific items showed that only the days with intake of vegetables decreased the total energy intake. For many other items, such as fruit, milk, and beans, energy intake was greater on the day the item was reported, compared with the day that it was not reported, for the same individuals^[@CR33]^. This is the great challenge of treating and preventing obesity because there is no replacement of one type of food for another. As an example, the acquisition of unhealthy food groups in Brazil is associated with greater diversity of the diet, but great diversity is positively associated with excess weight gain and inversely associated with being underweight^[@CR34]^. In short, healthy and unhealthy food groups are combined in diet and obesity prevention requires messages focused on eating less.

A limitation of this study is the lack of data on food intake in the follow-ups to test whether changes in UPF consumption are related to changes in BMI. This was the design used in the Nurse study that showed many specific foods related to weight gain in adults^[@CR35]^. However, those individuals who change their intake during follow-up may do so because of a health outcome, mainly to avoid weight gain. Although IPAQ could not accurately capture physical activity data, we observed that compared to their counterparts in the 1st quartile, adolescents in the 4th quartile of UPF consumption had higher physical activity levels.

In conclusion, the results favor the hypothesis that to curb excessive weight gain, messages regarding the quality of diet should be combined with a reduction in food intake.
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